The change in confrontational naming ability accompanying normal ageing has been widely studied. However, inconsistent findings have been reported. Our study reexamined this issue by adopting both accuracy and response latency as indices for reflecting the effect of normal ageing on confrontational naming. Sixty normal and healthy, Cantonese-speaking Chinese volunteered for this study. Thirty of them belonged to the Young Age Group (YOUNG; M = 19.77 years, S.D. = 1.5 years) and 30 to the Old Age Group (OLD; M = 71.47 years, S.D. = 6.51 years). The instrument used was the Chinese Naming Test (CNT) for measuring confrontational naming. The findings indicated that younger people performed much better than older people on the test in terms of accuracy as well as response latency. The observed different performance between the young and old participants could not be explained by their different levels of education. No gender difference in performance on the test was observed. Our findings supported our initial hypothesis that normal ageing does have a negative impact on confrontational naming. The decline in naming ability with ageing may be multifactorial.
Introduction
The act of naming is important for our understanding of objects in the world (Howes, 1979) . The process of naming is immensely complex in its ramifications. To name an object, firstly, we have to detect the stimulus, find a suitable word representing the object, and respond through speaking out the corresponding word. In other words, in addition to the normal visual-perceptual function, successful naming requires effective semantic and phonological processing (Bowles, 1993) -functions that are highly indicated in the frontal and temporal regions for memory, retrieval, and executive functions. There have been numerous models proposed to understand naming (Amrhein, 1995; Bowles, 1993; Howes, 1979) . Goodglass and Wingfield (1997) hypothesized that naming is a two-stage process. The first stage is the quick access of a direct link between the concept of an object and its name. If, for some reason, the link is disturbed, as in the case of tip-of-the-tongue or brain damage, the second stage takes place and a slower associative process takes over. The individual then attempts to self-prompt, using associated concepts or sounds (Tartter, 1998) .
Naming difficulty, or anomia, is commonly observed in clinical groups with various neurological conditions, e.g., semantic dementia (Papagno & Capitani, 2001) , head trauma, e.g., temporal damage (Miceli et al., 2000) , and frontal damage (Papagno & Muggia, 1999) . Naming difficulty is also a common complaint among the elderly. The decline in naming ability with ageing, if observed, may be multifactorial. One of these factors could be the decline in general cognitive ability accompanying normal ageing. Indeed, according to some researchers (Albert, Heller, & Milberg, 1988; Goulet, Ska, & Kahn, 1994) , age decline in picture-naming abilities can be attributed to nonlinear modifications in cognitive function related to selective changes in the brain evolving at differential rates across the life span. There are findings that show various changes happening in old age. La Rue (1992) summarized different changes in the sensory, neurological, musculoskeletal, immunological, cardiovascular, respiratory functions, etc. of the elderly. The neurological changes include reduced brain weight and volume, loss of neurons and changes in dendritic arbors, increased neurofibrillary tangles and neuritic plaques, and other microscopic changes. All these changes may lead to possible intellectual changes, which could in turn affect naming ability.
In a PET study of the verbal recognition memory between people in the younger and older age groups, analyses of the performance data yielded evidence of age-related slowing of encoding and retrieval processes, and age-related decline in the accuracy of yes/no recognition. Investigation of regional cerebral blood flow (rCBF) associated with both encoding and retrieval showed bilateral prefrontal activation for older adults, but primarily right frontal activation for young adults. This increased activation could be a sign of inefficient processing as people age (Madden et al., 1999) . According to Salthouse (1985) , the slowing of the processing rate of mental operation accompanying normal ageing would make many cognitive strategies no longer effective or available for use. Brooks, Friedman, Gibson, and Yesavage (1993) found that although both younger and older adults used mnemonic strategies in remembering proper names, the younger adults recalled more names than did the older subjects. Van Gorp, Satz, Kiersch, and Henry (1986) observed that the mean scores of subjects aged between 59 and 69 years were commensurate with the norms of the Boston Naming Test (BNT) provided (Kaplan, Goodglass, & Weintraub, 1983) for younger individuals, whereas the scores for subjects in their 70s and older were consistently lower. Schacter, Curran, Galluccio, Miberg, and Bates (1996) and Schacter, Osowiecki, Kasniak, Kihlstrom, and Valdiserri (1994) have pointed out that the frontal lobes are critically involved in effortful memory retrieval, which may fail in older subjects because they establish an unfocused representation of the encoding context when searching for the target information. Indeed, decreased performance on measures of frontal lobe functions associated with normal ageing has been widely speculated (Ardila & Rosselli, 1989) . Morphological and other neurophysiological changes of the frontal lobe accompanying the normal ageing process may account for this phenomenon. The prefrontal and frontal regions that are essential for supporting our executive processes show large and disproportionate changes with age (Kramer et al., 1999) . Shrinkage of cells leading to a general reduction in gross brain volume dominates the prefrontal region above the age of 65. This becomes progressively significant at age 70. This reduction in cell volume might result from the loss of dendritic extensions and a reduction in the number of synapses, i.e., a loss of the connective processes of the neurons. However, below the age of 45, there is little reduction in cell size in any area of the cortex measured (Haug & Eggers, 1991) . Neurochemical changes in the frontal region accompanying normal ageing were observed. Work with humans suggests that age-related changes in neurochemistry are observed as both a reduction in the number of receptors (De Keyser, De Backer, Vauquelin, & Ebinger, 1990 ) and a reduction in the concentration of neurotransmitters (Adolfsson, Gottfries, Roos, & Winblad, 1979) . Studies of rCBF indicate a pattern of hypofrontality in older individuals, with greater impact on the prefrontal region (Gur, Gur, Orbist, Skolnick, & Reivich, 1987; Melamed, Lavy, Shlomo, Cooper, & Rinot, 1980) . These various changes, together with an active accumulation of greater numbers of the most mature plaques in the prefrontal region (Struble, Price, Cork, & Price, 1985) , imply a high toll on the effective and efficient frontal processing accompanying normal ageing.
Many studies were conducted to examine the phenomenon of changing naming ability with normal ageing. Positive (Albert et al., 1988; Amrhein, 1995; Le Dorze & Durocher, 1992; Rosselli, Ardila, & Rosas, 1990 ) and negative (Beland & Lecours, 1990; Flicker, Ferris, Crook, & Bartus, 1987; Mitchell, 1989) findings were reported. On this issue, Goulet et al. (1994) conducted a systematic review of 25 studies of the picture-naming accuracy of normal ageing individuals and concluded that the inconsistent findings on age-related change in picture naming could be partially explained by methodological discrepancies. A crucial observation is that studies that reported nonsignificant findings used only accuracy in naming as the index of outcome measure. As Goulet et al., 1994 rightly pointed out, most of the research focuses mainly on naming accuracy scores rather than on retrieval latency for words because the former is an easily available and useful indication of picture-naming abilities. Along these same lines, the available norms of most picture-naming tests are based on naming accuracy, but not on word-retrieval latency.
This study revisited the issue of the effect of normal ageing on naming and incorporated both accuracy and time latency scores as indices of measurement. The effect of education level on these two indices was controlled and that of gender was studied to provide a clearer picture about the real effect of ageing on naming. It was hypothesized that ageing would have a negative effect on naming. As such, younger people would outperform older people in terms of accuracy and time latency on the naming task.
Method

Participants
The health status of the participants was screened by their medical histories. Sixty normal and healthy, Cantonese-speaking Chinese volunteered for this study. Thirty of them belonged to the Young Age Group (YOUNG) and 30 to the Old Age Group (OLD). The YOUNG included 12 male and 18 female participants aged 14-22 (M = 19.77 years, S.D. = 1.5 years). This age range was selected to minimize any normal ageing process reported in the literature. The people in the OLD were 15 males and 15 females aged 60-86 (M = 71.47 years, S.D. = 6.51 years). The gender composition of the two groups was not significantly different (χ 2 (1) = 0.606, P = .436). All the participants in the YOUNG were studying or had a university level of education (M = 13.8 years, S.D. = 1.10 years), while the participants in the OLD varied from having no formal education to university-level education (M = 3.87 years, S.D. = 3.61 years). Some elderly participants were reluctant to disclose their education background. For these participants, a conservative estimate of "no formal education" was assigned. The level of education of the participants in the young and old age groups was significantly different (t (36.17) = 15.60, P < .001). This finding is a reflection of the changing socioeconomic climate of the country that university level of education is more readily available to youngsters nowadays, and it is quite impossible to identify people in their 20s who have an education level as low as Grades 3-4. Therefore, the control for the effect of education was achieved statistically by entering this variable as a covariate in our analysis.
Instrument
The instrument used was the Chinese Naming Test (CNT) consisting of 60 items (Tsang, 2000) . This test is blueprinted on the BNT , which is commonly viewed as a measure of language ability, particularly confrontational naming. During the process of test construction, special attention was paid to minimize the confounding effect of word frequency (Spieler & Balota, 2000) and education (Neil et al., 1995) on confrontational naming so as to obtain a clearer picture about the effect of normal ageing on naming ability. Potential word items were first rank-ordered according to word frequency as judged by Chinese Words Frequency Dictionaries. Test items were then selected according to three criteria: high word frequency, acquired at a low education level, and cultural relevance. The selected word items were reviewed by an expert panel consisting of psychologists and linguists. The original BNT uses two types of cues for subjects who fail the item, namely phonemic cues and stimulus (semantic) cues. Due to the different phonological nature of the English and Chinese languages, we retained the semantic but not the phonemic cues.
Procedure
Informed consent was obtained. In a one-on-one session, each participant was asked to name the object drawn on the card as quickly as possible within a time limit of 20 s. Those participants who failed to name the item were given the semantic cues and allowed a further 20 s to respond. Accuracy of response and response latency were recorded for analysis. Accurate responses without cueing were assigned a score of 2. Accurate responses produced after cueing were given 1 point. Any unsuccessful attempt was awarded 0 score. Response latency was the time in seconds measured by a stopwatch before the subject named the object printed on the card. Responses were tape-recorded.
Analysis
Analysis of covariance procedure was conducted to test the significance of the main and interaction effects of group and gender on the dependant variables: accuracy score and response latency in seconds. Education, coded as the years of schooling, was used as the covariate.
Results
Correlations between the dependent and independent variables are presented in Table 1 . The performance of the YOUNG and the OLD and the results of the ANCOVA procedure are summarized in Table 2 .
Accuracy
The relationship between accuracy of performance (score) and age (r = −.685, P < .01) and education (r = .709, P < .01) of the participants was moderately strong (Colton, 1974) . The results of the ANCOVA procedure indicated that there is a significant difference in accuracy of performance between the YOUNG and OLD [F (1, 55) = 4.84, P = .032]. The participants of younger age were more accurate in their responses on the naming test. In contrast, nonsignificant difference in performance was observed between the male and female participants [F (1, 55) = 3.63, P = .062]. All the interaction effects among the main effects, and between the main effect and covariate, were not statistically significant. Level of education as covariate was not significant [F (1, 55) = 1.08, P = .302]. 
Response latency
Only the time used to name the items correctly without any semantic cues was used in this analysis. There is a fair degree of relationship between response latency (s) and age (r = .576, P < .01) and education (r = −.460, P < .01) (Colton, 1974) . The results of the ANCOVA procedure indicated that there is a significant difference in response latency between the YOUNG and OLD [F (1, 55) = 4.20, P = .045]. Again, younger participants outperformed the participants in the OLD in terms of shorter latency to response. Nonsignificant difference in response latency was observed between the male and female participants [F (1, 55) = 1.063, P = .307]. All the interaction effects among the main effects, and between the main effect and covariate, were not statistically significant. Level of education as covariate was not significant
The results indicated that there was a significant difference in the naming ability between our young and old participants in terms of accuracy and response latency, after the effect of education was partialled out as a covariate. However, no gender difference in naming abilities or any interaction effects were observed in this study.
Discussion
The findings indicated that younger people performed much better than older people in terms of accuracy and response latency in confrontational naming, after the effect of education was controlled. This supported our initial hypothesis that normal ageing does have a negative impact on naming ability. There is a greater variability in performance in our older than younger subsample. The greater variability seems to reflect the heterogeneity of performance among the older participants, which may result from the different rates of selective changes in various cognitive functions among these elderly.
An application of the data on frontal degeneration with ageing is to predict the decline in efficiency of inhibitory processes supported by the prefrontal cortex (Harnishfeger & Bjorklund, 1993) . The inhibition hypothesis proposed by Hasher and Zacks (1988) suggests that age-related impairments observed in a number of tasks result from a weakening of inhibitory processes in working memory with old age. The relationship between the operation of inhibitory processes and normal ageing is still an issue of heated debate. Positive (Kane, Hasher, Stoltzfus, Zacks, & Connelly, 1994) and negative (Feyereisen, Demaeght, & Samson, 1998; Grant & Dagenbach, 2000) findings are reported. However, following this line of thinking, the decline in naming accuracy and the increased latency of response may relate to ineffective inhibition of irrelevant stimuli, which is an area worthy of future research.
In addition to the cognitive decline accompanying normal ageing, other sensory and motor abilities may affect old people's performance in a naming task. For example, decreased peripheral perception ability or motor performance could cause slower response. The Expectancy or Set Theory proposed by Birren (1965) received extensive support (Hayslip & Panek, 1993) . The theory proposed that the aged experience inability or difficulty in perceiving their response to the stimulus. They may be less good at ignoring distractions or maintaining attention. This was supported by the discovery of the greater priming effect found in older persons, namely that the first stimulus may stay in the visual perception for a longer time, which may mask the perception of the second stimulus. Hayslip and Panek (1993) also quoted the complexity explanation proposed by Cerella, Poon, and Williams (1980) , which states that the reaction time for older persons may increase when the task complexity increases. Accuracy and speed in confrontation naming are speculated to be dependent on the physiological component of the language producing process. In the aged, the longer latency is thought to be related to the reduction in the speed of the peripheral sensory and motor process, as well as the neuronal loss, which in turn affects their perceptual abilities, lexical processing time, and response execution.
Contradicting previous findings that level of education has a significant effect on naming ability (Neil et al., 1995) , we did not observe this effect in our study, both in terms of accuracy and time latency. This is not totally unexpected. According to Bell, Davies, Hermann, and Water (2000) , confrontational naming is associated with age of acquisition. Object names learned in late childhood are among the most vulnerable when there is a decline in object naming ability. When we developed our naming task for this study, we purposely selected familiar items that were usually acquired at a relatively young age, so as to minimize the effect of education. Nevertheless, the possibility of obtaining nonsignificant results due to increased variability in performance of the older participants, as discussed above, should not be overlooked. Randolph, Lansing, Ivnik, Cullum, and Hermann (1999) reported the effect of gender on performance on the BNT. They explained that the gender differences observed were due to the fact that specific items on the BNT were more easily named by men than women. The lack of gender differences in our study suggests that the items included in our naming test were fair for both genders.
One would expect older people with richer vocabularies to perform better. Bowles (1993) reported that a greater vocabulary level was found among older persons. However, a significant age difference was still found, since the older adults were experiencing a greater chance of facing tip-of-the-tongue due to their lack of practice or training in using the vocabulary. Other factors like rigidity or cautiousness may adversely affect the response latency. Hayslip and Panek (1993) reported that older persons may be more rigid and cautious in various cognitive tasks, which in turn causes their slower response. A model delineating the interrelations among all these cognitive and psychosocial factors would be useful for our understanding of the mechanism of a decline in confrontational naming in normal ageing. Extension of this study to investigate the phenomenon of anomia presented by different clinical populations will offer further insight into the theoretical construct of confrontational naming. Moreover, the clinical data obtained on the CNT will provide information about the diagnostic sensitivity of this instrument.
